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In healthy controls, picture naming performance can be facilitated by a single prior
exposure to the same picture (“priming”). This priming phenomenon is utilized in the
treatment of aphasia, which often includes repeated picture naming as part of a
therapeutic task. The current study sought to determine whether single and/or multiple
exposures facilitate subsequent naming in aphasia and whether such facilitatory effects
act through normal priming mechanisms. A functional magnetic resonance imaging
paradigm was employed to explore the beneficial effects of attempted naming in two
individuals with aphasia and a control group. The timing and number of prior exposures
was manipulated, with investigation of both short-term effects (single prior exposure
over a period of minutes) and long-term effects (multiple presentations over a period
of days). Following attempted naming, both short-term and long-term facilitated items
showed improvement for controls, while only the long-term condition showed benefits
at a behavioral level for the participants with aphasia. At a neural level, effects of long-
term facilitation were noted in the left precuneus for one participant with aphasia, a result
also identified for the equivalent contrast in controls. It appears that multiple attempts
are required to improve naming performance in the presence of anomia and that for
some individuals with aphasia the source of facilitation may be similar to unimpaired
mechanisms engaged outside the language network.
Keywords: aphasia, repeated picture naming, word retrieval, fMRI
Introduction
Aphasia is a chronic condition and word retrieval impairments are prevalent in most people
with aphasia (Goodglass and Wingfield, 1997; Damasio, 2001). Consequently, it is essential to
understand the mechanisms underlying word retrieval that can be capitalized on to maximize
recovery. There is clear evidence that treatment for word retrieval impairments can be effective (for
review see Nickels, 2002a,b), and emerging understanding of the neural mechanisms underlying
these treatment effects (Meinzer et al., 2011; Heath et al., 2012, 2013; van Hees et al., 2014a,b).
However, there remains much to be learned in order to ensure optimal recovery for people with
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aphasia. One of the most exciting possibilities is the finding
that improvements in word retrieval can occur with no direct
treatment and well past the period when spontaneous recovery
is expected (Nickels, 2002a,b). Even a single attempt at naming
a picture has been found to improve subsequent retrieval
and naming of the same item in some people with aphasia
(Howard, 2000; Nickels, 2002a,b). For such individuals, this
finding suggests that naming ability may be improved simply
through attempting to retrieve the words they wish to say.
However, there has been little research to examine the nature of
the cognitive and neural processes underlying this improvement
and the conditions under which they occur. This paper aims to
do just that: we focus on two individuals with chronic aphasia
and examine the behavioral and neural effects of prior attempts
at naming on subsequent naming.
The positive effect of performing one task on a subsequent
task is termed “facilitation” (Patterson et al., 1983), or “repetition
priming” in unimpaired speakers (Tulving and Schacter, 1990;
Cave, 1997; Gotts et al., 2012; Henson et al., 2014). For
picture naming, positive effects are evidenced by increased
naming accuracy for individuals with aphasia and decreased
naming latencies for unimpaired speakers. Studies exploring the
neurocognitive mechanisms underlying the priming of picture
naming in unimpaired speakers (van Turennout et al., 2000,
2003; Meister et al., 2005; MacDonald et al., under review) have
found reduced activation (“repetition suppression”) in visual and
language-related cortical regions for repeated stimuli, which is
thought to be an indication of greater processing efficiency for
previously seen items (Gotts et al., 2012). Increases in activity
(“repetition enhancement”) have also been found, but these
are often associated with some form of additional processing
required upon repeated stimulus presentation (Henson et al.,
2000; Henson, 2003). For repetition of the same stimuli, increases
in activity may be due to the additional processing related to
stimulus recognition, explicit memory retrieval, expectation, or
attention (Segaert et al., 2013).
Several explanations for the phenomenon of repetition
priming have been put forward. One account holds that priming
is mediated by episodic retrieval (Mitchell and Brown, 1988;
Tenpenny, 1995), suggesting that a memory trace is generated
on prime presentation and its subsequent ease of retrieval is the
source of facilitation. Another proposal suggests that priming
involves a modification of stored cognitive representations
during first presentation, resulting in enhanced recognition
and/or retrieval processes, or a lowering of activation thresholds,
upon subsequent presentation (Morton, 1969; Wheeldon and
Monsell, 1992). In other words, a repeated stimulus is responded
to faster and/or more accurately because it engages the same,
now primed, processing, and representations (Barry et al.,
2001).
While the exact cognitive bases of facilitation effects remain
undetermined, previous research has indicated that effective
word finding treatments may be acting through these ‘normal’
priming mechanisms. Evidence supporting this argument is
provided by research investigating priming effects in individuals
with aphasia using a different facilitating task. For example,
Hickin et al. (2002) explored the association between response
to phonological cues and improved naming ability in eight
individuals with aphasia following phonological treatment. The
authors identified a significant correlation between positive
response to facilitation and positive response to treatment,
highlighting the utility of facilitation as a possible predictor
of treatment outcome. It is therefore important to understand
the neural processing underlying such positive effects and
consider any impact this improved understanding may have for
rehabilitation. The current study aimed to conduct an fMRI
investigation into the facilitatory effects of repeated picture
naming in individuals with aphasia and healthy older adults.
The experiment manipulated the timing and number of prior
naming attempts to examine short-term (from one single attempt
minutes prior to subsequent naming of the same item) and long-
term (from multiple naming attempts of the same item over
several days) effects.
While research exploring facilitation from attempted naming
has generally been limited to behavioral studies (Nickels, 2002a),
some research has investigated the brain regions engaged
during accurate, and inaccurate picture naming by individuals
with aphasia (Fridriksson et al., 2009; Postman-Caucheteux
et al., 2010; Sebastian and Kiran, 2011). These studies can be
informative regarding the neural correlates of specific types
of linguistic processing, but they do not provide insights into
training-induced effects or their longevity. Other neuroimaging
studies have looked at the effects of naming treatments
(Fridriksson et al., 2006b; Menke et al., 2009; Kiran et al., 2013),
however, these often utilize a pre-post paradigm which can be
confounded by differences in performance, with neural activation
during impaired pre-treatment performance compared to
improved performance following treatment (Poldrack, 2000).
The current investigation sought to advance our
understanding of the brain-behavior relationship involved
in improvement of word retrieval ability. A picture naming
task was administered within a single fMRI scanning session,
with only accurately named responses analyzed. Analyses of
correct responses focused our investigation on the positive effects
brought about by repeated picture naming, as might be seen
following treatment, and therefore maximized the therapeutic
implications of the study. Furthermore, previous research has
shown differential patterns of brain activity for accurate word
retrieval versus error responses (Meinzer et al., 2006; Fridriksson
et al., 2009; Postman-Caucheteux et al., 2010). Any averaged
results across all naming trials irrespective of response type
would therefore be difficult to interpret with regard to the
neural substrates of successful word retrieval, as results may
also include activity reflecting error processing and/or increased
effort during incorrect naming. In this study, both the timing and
number of naming exposures was manipulated across critical
conditions, allowing comparison of accurately named items that
had not previously been facilitated to items that had received
one or more earlier naming attempts. It was hypothesized that
if the priming mechanisms at work in unimpaired speakers do
indeed underlie effective naming treatment in individuals with
aphasia, then repetition suppression effects in similar regions
for short-term and long-term conditions may be evident across
controls and aphasic participants. As picture naming involves
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all word production processes, it was proposed that modulation
of activity would be identified in a combination of regions
known to be involved in both semantic (Démonet et al., 1992,
2005; Binder et al., 1997, 2009; Bookheimer, 2002; Abrahams
et al., 2003; Vigneau et al., 2006) and phonological-type (Moore
and Price, 1999; Bookheimer, 2002; Abrahams et al., 2003;
Hickok and Poeppel, 2004; Indefrey and Levelt, 2004; Vigneau
et al., 2006) processes. For participants with aphasia, this could
include spared left hemisphere regions associated with word
production, or areas close to damaged language-related regions
and/or in the right hemisphere homologues of these regions.
It was further hypothesized that, in line with evidence from
previous behavioral research in unimpaired speakers and in
aphasia (Cave, 1997; Nickels, 2002a), a single prior exposure
could effectively facilitate naming performance in participants
with aphasia.
Materials and Methods
Participants
Ethical approval was obtained from the University of Queensland
and all participants gave informed written consent under an
approved Medical Research Ethical Review Committee protocol.
Eighteen control participants (seven male) meeting inclusionary
criteria participated in the study. Their average age was 54.4 years
(SD 8.8) and educational level 16.1 years (SD 3.6). Full details of
the experiment conducted with controls are reported elsewhere
(MacDonald et al., under review). Two female participants with
aphasia were also recruited. Both the Western Aphasia Battery
(WAB; Kertesz, 1982) and the Comprehensive Aphasia Test
(CAT; Swinburn et al., 2004) were used to determine the presence
and classification of aphasia. The full assessment battery also
included the Boston Naming Test (BNT; Kaplan et al., 1983)
and the Pyramids and Palm Trees Test (P and PT; Howard and
Patterson, 1992). Table 1 provides full demographic, clinical,
and assessment battery details, as well as the possible levels of
impairment in spoken word production for both participants.
Figure 1 displays lesion location, which for both individuals
primarily included temporo-parietal regions. All participants
reported English as their first language, were right handed, and
had normal (or corrected to normal) vision. Every participant
was screened for cognitive impairment by administration of the
Mini-Mental State Examination (Folstein et al., 1975) and for
depression using the Geriatric Depression Scale (Sheikh and
Yesavage, 1986).
Stimuli and Procedure
A large collection of 476 similarly sized gray-scaled picture
stimuli was obtained (Hemera Photo-Objects, Hemera, Hull,
QC, Canada and royalty free digital stock photographs). For
controls 180 of these pictures were then divided into nine
sets of 20 items, with assignment of one set to the short-term
facilitated condition and one set to the long-term facilitated
condition (counterbalanced across participants). For participants
with aphasia two pre-test sessions were conducted, in which the
entire collection was presented at each session in a random order
for naming. Based on the results of both pre-test sessions, 60
pictures were then chosen as experimental stimuli and divided
into three sets of 20 items. Stimuli for the short-term facilitated
and long-term facilitated conditions were sourced from those
items participants found difficult to name across both pre-test
sessions and therefore represented suitable targets for facilitation.
A third set of stimuli formed an unfacilitated condition, chosen
from items that were named consistently by participants during
pre-test sessions. It should be noted that P01 was unable to
name most items during both pre-tests. However, P02 was more
inconsistent, with the majority of items inaccurately named or
not responded to in at least one pre-test.
All sets were matched on the basis of International Picture
Naming Project naming reaction time (Szekely et al., 2004),
frequency (combined written and spoken; Baayen et al., 1995),
number of phonemes, number of syllables, and percentage
name agreement (Szekely et al., 2004). Additionally, control
sets were matched for age of acquisition (Morrison et al.,
1997) and imageability (Wilson, 1988). Following the pre-test
sessions, a facilitation phase and an experimental phase were
conducted. The facilitation phase required all participants to
complete two sessions within 2–3 days, during which only
the long-term facilitated set of stimuli was presented, in
random order, three times for (attempted) overt naming (six
times in total over the two sessions). A single facilitation
trial consisted of a fixation cross (1.5 s), followed by display
of the target picture (3 s). No feedback was provided on
performance, nor were any cues provided. The experimental
phase was conducted ∼2 days after completion of the facilitation
phase.
During the experimental phase, all sets of stimuli were
presented for naming during an fMRI scanning session. A single
trial lasted 14.7 s and involved presentation of a fixation cross
(2 s), blank screen (250 ms), target picture (3 s), and blank
screen (9.45 s). The photographic stimuli were back-projected
onto a screen viewed through a mirror mounted on the head
coil (10◦ of visual arc). Naming responses were digitally recorded
(sampling rate 11 kHz) with an optical single channel noise-
canceling microphone (FOMRI, Optoacoustics Ltd., Or-Yehuda,
Israel). The items presented in the previous facilitation sessions
were presented again in the scanner to investigate any long-
term effects from previous naming attempts. The short-term
facilitation set was presented twice within the scanner: the first
presentation and naming attempt served as a potential prime and
the second as a target, with an average lag of 7.4 trials (range:
6–10) between the two presentations, to investigate any short-
term facilitation effects. For all participants, the initial short-term
prime presentations represented an unfacilitated condition.
Therefore, the three main conditions of interest presented
in the scanner for controls were unprimed (short-term prime),
short-term facilitated (short-term target) and long-term
facilitated (long-term target). For participants with aphasia,
the four main conditions were: unfacilitated items that were
nameable during pre-test (“unfacilitated-named”), unfacilitated
items that were difficult to name during pre-test (“unfacilitated-
unnamed” short-term prime presentations), short-term
facilitated items difficult to name (“short-term” target
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TABLE 1 | Demographic, clinical, and assessment battery results for participants with aphasia.
Max P01 P02
Gender: F F
Age: 71 59
Level of education: 10 10
Time post-stroke: 14 years; 1 month 2 years; 4 months
Lesion volume (cm3): 83.13 22.68
Lesion involvement: • Supramarginal gyrus
• Angular gyrus
• Superior temporal gyrus
• Middle temporal gyrus
• Heschl’s gyrus
• Rolandic operculum
• Insula
• Superior occipital gyrus
• Middle occipital gyrus
• Supramarginal gyrus
• Superior temporal gyrus
• Middle temporal gyrus
• Hippocampus
Naming pre-tests (n = 952):
- Correct 49.5% 53.0%
- Error breakdown:
◦ Phonological errors¤ 13.11% 25.94%
◦ Semantic errors¤ 15.41% 9.62%
◦ Do not know/no response 62.87% 57.72%
◦ Other errors¤ 8.61% 6.72%
WAB:
- Spontaneous speech
- Comprehension
- Repetition
- Naming/word finding
- Aphasia quotient
- Classification
20
200
100
100
100
14
111
68
71
66.8∗
Wernicke’s
17
166
46
85
76.8∗
Conduction
BNT: 60 24∗ 33∗
P and PT:
- Three pictures
- Spoken word, two pictures
52
52
45∗
45∗
51
48∗
CAT:
- Spoken comprehension
- Repetition (five subtests):
◦ Real words
◦ Complex words
◦ Non-words
- Naming
- Fluency
- Reading
- Spoken picture description
66
74
32
6
10
58
un
70
un
48∗
43∗
22
3
6
49∗
16
59∗
19∗
48∗
26∗
17
1
0
46∗
20
57∗
40
Possible levels of impairment
in spoken word production:
• Semantics
• Semantics to phonology and/or
phonological form
• Semantics to phonology
and/or phonological form
• Post-phonology
Max, maximum raw score possible; un, unlimited possible maximum score. ¤ error percentages include self-corrections. ∗ Indicates score falls below normal range
with reference to available normative data for the Western Aphasia Battery (WAB; Kertesz, 1982), the Pyramids and Palm Trees (P and PT; Howard and Patterson,
1992), the Comprehensive Aphasia Test (CAT; Swinburn et al., 2004), and in the case of the Boston Naming Test (BNT) with reference to Australian normative data
(Cruice et al., 2000). Lesions were identified using an automated method (Stamatakis and Tyler, 2005) and volumes calculated using fslstats (FMRIB Software Library –
www.fmrib.ox.ac.uk/fsl).
presentations), and long-term facilitated items difficult to
name (“long-term”). Refer to Figure 2 for a breakdown of
conditions and procedures for participants with aphasia.
Processing and Analyses
During each session a high resolution (1.0 mm × 1.0 mm ×
1.0 mm) T1 weighted magnetization-prepared rapid gradient-
echo structural scan was acquired (repetition time 2200 ms,
echo time 2.99 ms, flip angle 9◦). BOLD imaging with gradient-
echo, echo planar image (GE-EPI) acquisition was conducted
(matrix size 64 × 64; repetition time 2100 ms; echo time
30 ms; 90◦ flip angle; field of view 230 mm), with a total of
480 GE-EPI volumes acquired over two runs at 4-Tesla (the
first five volumes of each run were discarded). Images were
acquired in 36 axial planes with an in-plane resolution of
3.6 mm and slice thickness of 3 mm (0.6 mm gap). A behavioral
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FIGURE 1 | Lesion locations. Axial T1 weighted MRI slices at 5 mm intervals for both participants with aphasia.
FIGURE 2 | Procedures. A summary of the presentation of stimuli/conditions for participants with aphasia.
interleaved gradient design was utilized to avoid the artifacts
associated with head movement during overt speech, as well
as to enable recording of responses and reaction times. To
minimize scanner noise during picture presentation and response
periods (4.2 s), only slice gradients were applied during the
critical interval with radiofrequency intact to maintain steady
state magnetization (Eden et al., 1999). Image acquisition for
each trial therefore occurred during the remaining 10.5 s (blank
screen and fixation cross) so as to capture the blood oxygen level-
dependent (BOLD) response. A point-spread function mapping
sequence was acquired prior to GE-EPI acquisitions, allowing
the distortion in geometry and intensity to be corrected in the
time series data. Target trials that elicited no response or an
incorrect response from participants were excluded from the
behavioral and imaging analyses. For the two participants with
aphasia, the number of correct trials for each condition within the
scanner were: P01 – unfacilitated-unnamed 3, short-term 2, long-
term 6, unfacilitated-named 13; P02 – unfacilitated-unnamed
7, short-term 8, long-term 13, unfacilitated-named 15 (refer to
Figure 3).
Images were processed using statistical parametric mapping
software (SPM51). The image time series were realigned
using INRIAlign rigid body motion correction (Freire et al.,
2002). For each participant the mean EPI was then co-
registered with their T1 image, followed by segmentation
and normalization to the standard Montreal Neurological
Institute (MNI) template (Evans et al., 1993). Spatial smoothing
(8 mm full-width half-maximum Gaussian kernel) was applied
to normalized volumes (3.0 mm × 3.0 mm × 3.0 mm).
A general linear model (GLM) was constructed for the fMRI
time series using finite impulse response functions (due to
the behavioral interleaved design) resulting in partial collection
of hemodynamic response, with onsets and durations chosen
to reflect the expected peak BOLD response. Group level
1www.fil.ion.ucl.ac.uk/spm
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FIGURE 3 | Behavioral data. Facilitation effects in percentage accuracy data for both participants with aphasia for all conditions. The initial short-term prime
presentations within the scanner (In-Scan) represent the UNF-unnamed condition. ∗ Indicates a significant difference (p < 0.05) between pre-facilitation and
post-facilitation percentage accuracy.
whole brain analyses were conducted for controls, with results
reported for clusters greater than 20 voxels (p < 0.05 FDR
corrected, with age included as a covariate in the GLM).
Single subject whole brain analyses for the participants with
aphasia were conducted. To correct for multiple comparisons
3dClustSim (Analysis of Functional Neuroimages, National
Institute of Mental Health, Bethseda, MD, USA) was used,
inputting the full-width at half maximum (FWHM) of noise
calculated from the square root of the residuals using 3dFWHMx.
By adopting a height threshold of p < 0.001, a family
wise error rate of p < 0.05 was achieved with a minimum
cluster threshold of 86 voxels for P01 and 55 voxels for
P02.
Results
Control Participants
Results for control participants are reported separately
(MacDonald et al., under review). Briefly, the behavioral results
showed significant priming effects for both long-term and short-
term facilitated conditions. The whole brain results identified
a relative decrease of activation for long-term facilitated items
when compared to unfacilitated items (comparable to the
unfacilitated-named condition in participants with aphasia) in
the bilateral pars triangularis of the inferior frontal gyri (IFG),
in the bilateral posterior inferior temporal gyri, and in the right
precentral gyrus. Greater activation, however, was found for
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facilitated items than for unprimed items in several regions: in
the bilateral precuneus for long-term facilitated items, and in the
right precuneus and the right middle frontal gyrus for short-term
facilitated items.
Participants with Aphasia
Percentage accuracy data for the pre-test sessions and within
the scanner are shown in Figure 3 for both participants.
A weighted Wilcoxon One-Sample test was used to determine
whether accuracy differed from pre-facilitation (Pre-Tests 1 and
2) to post-facilitation (In-Scan) for each condition. For the
unfacilitated stimuli that were previously able to be named,
as expected under the somewhat stressful conditions of the
scanner and consistent with regression to the mean, performance
decreased during the scanning session, significantly in the case
of P02 (p = 0.01). Both P01 and P02 showed a significant
positive change in accuracy following long-term facilitation
(p < 0.02), but not in the short-term, or unfacilitated-unnamed
conditions.
A Mann–Whitney U-test was also subsequently conducted
to determine whether the magnitude of change from
pre-to post-facilitation differed between specific conditions.
A significant difference was identified for P02 between the
long-term and unfacilitated-unnamed conditions (p = 0.005).
However, there were no significant differences for either
participant between short-term and unfacilitated-unnamed,
or between short-term and long-term conditions. An analysis
of reaction times was not conducted for the participants with
aphasia.
Full whole brain neuroimaging results for participants with
aphasia are set out in Supplementary Table S1, however, we
report and discuss only those results for contrasts involving two
conditions, the long-term and unfacilitated-named conditions.
This is due to the fact that we did not find significant
behavioral results for the short-term or unfacilitated-unnamed
conditions and these two conditions also had very few trials
in which an accurate response was produced within the
scanner.
The only significant difference in neural activity was found
for P02, with greater activity for long-term facilitated items
(facilitated and previously difficult to name) when compared
to unfacilitated-named (unfacilitated and previously accurately
named) items in the left precuneus (see Figure 4). In controls,
the same precuneus region was identified for the equivalent
contrast. Further, as we found long-term results in the whole
brain analyses within the left inferior frontal region for controls,
a subsequent bilateral region of interest (ROI) analysis in
this area was conducted for both individuals with aphasia.
Anatomical ROIs were created with theWFU_PickAtlas2 toolbox
within SPM5, using the IBASPM116 atlas and implementing
WFU ROI masking (Maldjian et al., 2003, 2004). Six ROIs
were analyzed for each participant, including bilateral pars
orbitalis, pars triangularis, and pars opercularis. No significant
results were identified for either participant for conditions of
interest.
2http://www.nitrc.org/projects/wfupickatlas/
FIGURE 4 | Whole brain result for P02 (3dClustSim minimum cluster
threshold 55 voxels). LT, long-term facilitated and previously difficult to
name; UNF-named, unfacilitated and previously accurately named.
Discussion
Control Participants
A detailed discussion of control results has been reported
elsewhere (MacDonald et al., under review), however, brief
consideration of the relevant neuroimaging findings is set out
below. The majority of whole brain results were identified
within right hemisphere regions, confirming previous findings
that the right hemisphere can be heavily involved in normal
word production processes (Fridriksson et al., 2006a; Mechelli
et al., 2007). Focusing on results in language-related regions:
repetition suppression effects for only long-term facilitated
items were identified in two bilateral areas previously linked
to semantic processing (pars triangularis of the inferior frontal
gyrus and the posterior inferior temporal gyrus). These
findings suggest that long-term repeated naming may have
resulted in more efficient retrieval and/or selection of lexical
representations for production (pars triangularis; Poldrack et al.,
1999; Wagner et al., 2000; Price, 2012; MacDonald et al.,
under review) and integration of visually derived concepts with
their corresponding lexical-semantic representations (inferior
temporal gyrus; Koutstaal et al., 2001; Indefrey and Levelt,
2004; Vigneau et al., 2006; Badre and Wagner, 2007; Snyder
et al., 2011; MacDonald et al., under review). However, no
facilitatory effects were identified in the short-term condition,
despite this condition showing the greatest behavioral priming.
It could be that priming of these representations has indeed
occurred, but was not identified due to insufficient sensitivity
of the imaging paradigm, or that effects only become apparent
when strengthened by multiple repetitions of stimuli (as in the
long-term condition).
While falling outside the scope of discussion in MacDonald
et al. (under review), repetition enhancement effects for both
facilitated conditions were identified in the left and right
precuneus and in the right middle frontal gyrus. These findings
outside traditional language-related regions could represent a
marker of successful episodic recall (precuneus; Cavanna and
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Trimble, 2006; Cavanna, 2007) and attention (middle frontal
gyrus; Naghavi and Nyberg, 2005).
Participants with Aphasia
In contrast to the behavioral results for the group of control
participants, no improvement was identified in picture naming
accuracy for the individual participants with aphasia following
short-term facilitation. However, both participants showed
improvement in accuracy following multiple repeated attempts
at naming several days earlier in the long-term facilitation
condition. This finding was stronger for P02 for whom the
improvement was over and above that of the unfacilitated-
unnamed condition (Mann–Whitney U, p = 0.005). For P01
there was not a significant difference between the unfacilitated-
unnamed control condition and the long-term facilitated
condition, and hence we cannot rule out that for P01 the
improvement reflected regression to the mean, given that stimuli
were purposefully selected from items that were consistently
difficult to name at pretest. For the unfacilitated stimuli that
were previously able to be named, as expected under the stressful
conditions of the scanner and also consistent with regression to
the mean, performance decreased during the scanning session
(see Figure 3). Consideration of the behavioral results suggests
that a single prior attempt at naming by these two individuals
with aphasia did not facilitate subsequent naming, or did not
facilitate sufficiently to improve accuracy, but that the cumulative
effect of multiple attempts was facilitatory.
The only significant neuroimaging result was for P02, with a
repetition enhancement effect identified for long-term facilitated
items when compared to unfacilitated-named items in the
left precuneus. While P01 also showed behavioral benefits for
long-term facilitation, no significant neuroimaging results were
identified for relevant contrasts, possibly due to a lack of power
for this condition. Interestingly, the result for P02 mirrored one
of the findings identified for control subjects in the same neural
region (left precuneus) and for the equivalent contrast (long-
term versus unprimed). A relative increase in neural activation,
or repetition enhancement, is often present when some form
of additional processing is required (Henson et al., 2000; van
Turennout et al., 2003). For our two conditions the same task
of overt naming was required and, as such, there should not
have been additional processing required specifically for long-
term items. However, the conditions differed in two respects:
facilitation (several prior exposures for long-term items and
no prior exposure for unfacilitated-named items) and previous
ability to name (difficult to name for long-term and correctly
named for unfacilitated-named). It should be noted that the
precuneus is commonly engaged during semantic tasks (Binder
et al., 2009), however, this activation has also been interpreted
in terms of episodic memory mechanisms (Köhler et al., 2000;
Cavanna and Trimble, 2006). We suspect that for P02 an increase
in activation for long-term items in this region is more likely
related to episodic encoding or object recognition systems being
enhanced during subsequent naming of facilitated items with
multiple prior exposures, rather than any difference in lexical-
semantic processing. Other picture naming studies with aphasic
participants have also found increased activity in the precuneus
region, with the authors making similar assumptions to the
current study with respect to episodic memory mechanisms and
further proposing that modulation of activity in regions not
traditionally associated with language processing may represent
a form of compensatory cortical adaptation (Musso et al., 1999;
Fridriksson et al., 2007). In other words, an intact neural region
performs strategic compensatory functions enabling completion
of, in this case, a linguistic task (Grafman, 2000).
For the long-term condition in controls, we also saw
repetition suppression effects in the left IFG (pars orbitalis,
pars triangularis, and pars opercularis) when compared to the
unprimed condition. However, a subsequent ROI analysis in
participants with aphasia in this same region did not reveal
any significant results, despite the IFG being spared in both
participants. Taken together, these findings demonstrate that
while some processing associated with successful word retrieval
may be similar across control subjects and individuals with
aphasia, facilitation is not necessarily tapping into mechanisms
within unimpaired or homologous language-related regions. In
this respect our results challenge the assumption that spared
left hemisphere language areas and their right hemisphere
homologues necessarily support the reorganization of language
following stroke (Saur et al., 2006) and reinforce the findings
of other studies which conclude that regions not traditionally
associated with language processing may contribute significantly
to anomic recovery in some individuals with aphasia (Fridriksson
et al., 2007; Heath et al., 2013).
Limitations
The current study could be improved in a number of ways. Only
two individuals with aphasia participated, therefore, it is not
possible to make claims that may be generalized to the wider
aphasic population. A study with a larger series of people with
aphasia, after controlling for such factors as symptoms or lesion
characteristics, could utilize a whole brain regression analysis to
identify whether variation in behavioral facilitation effects relate
to variation in brain activity. Additionally, a high percentage
of incorrect responses were excluded from the neuroimaging
analyses due to the methodological decision to source facilitated
conditions for the participants with aphasia from difficult to
name items. Therefore, some neuroimaging results were based on
only a small number of critical trials and could not be considered
due to lack of power (see Supplementary Table S1).
Conclusion
Even bearing in mind the limitations mentioned above,
the findings of the current study have clear implications
for the clinical treatment of anomia. Both the control
group and the participants with aphasia showed long-
term behavioral facilitation effects from repeated picture
naming. Although the current study included data from
only two individuals with aphasia, our results add further
weight to previous evidence that improvement in word
retrieval abilities is possible even in chronic aphasia and
without direct treatment. However, while the control group
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showed significant short-term facilitation effects from repeated
naming, the aphasic participants did not. In contrast to our
original hypothesis, a single prior exposure over a period
of minutes did not effectively facilitate naming performance
in participants with aphasia. Longer lasting benefits appeared
to require multiple exposures, suggesting that the number
of times a particular task, or particular items, are presented
may be a predictor of treatment outcome. It should be noted
though, that the number of repeated naming attempts in
the current study involved only six exposures of the same
pictorial stimuli across two sessions spanning several days.
If a small number of prior naming attempts can result in
improvements in behavioral performance, then the impact of
any assessment tasks administered prior to beginning a formal
treatment regime must be considered. Assessment of anomia,
particularly within a cognitive neuropsychological approach,
often involves repeated use of the same stimuli across tasks,
yet it is generally assumed that assessment has little impact on
subsequent naming performance. Our finding of improvement
in performance following a limited number of presentations, and
in the absence of feedback or correction, emphasizes the power
of assessment in a clinical setting, as well as the importance of
baselines and control tasks in experimental settings. Moreover,
although it is not yet clear that these results would replicate
across all people with aphasia, the fact that this task simply
required attempts at naming highlights its potential as a
straightforward method by which individuals can self-administer
treatment.
This study also sought to determine whether any facilitatory
effects associated with repeated picture naming act through
normal priming mechanisms. We hypothesized that if the
mechanisms at work in unimpaired speakers underlie effective
anomia treatment, then similar effects would be evident across
controls and participants with aphasia in the same language-
related neural regions. As expected, neuroimaging results for
the control group did identify repetition suppression effects
for long-term facilitated items in several regions known to
be involved in language processing, mirroring the behavioral
improvement for this condition, and possibly reflecting more
efficient lexical-semantic processing. In addition to repetition
suppression, a repetition enhancement effect was evident in
the bilateral precuneus for long-term facilitated items when
compared to unprimed items for controls. Conversely, we
did not find any neuroimaging results surviving correction in
language-related regions for the participants with aphasia. The
only significant result identified for one of the participants
with aphasia was a repetition enhancement effect outside
the language network. Interestingly, this result was identified
within the same neural region (left precuneus) and for the
equivalent contrast (long-term versus unfacilitated-named items)
as in the control group. In line with previous research
investigating the role of this brain region, we conclude that an
increase in activation for long-term items in the left precuneus
is related to episodic encoding or enhancement of object
recognition systems, rather than a change in lexical-semantic
processing. However, regardless of the source of facilitation,
this finding indicates that some individuals with aphasia may
engage highly networked regions to support word production
processes. Brain areas not traditionally associated with language
processing may contribute significantly to recovery in anomia,
and it is therefore imperative that, in addition to language,
clinicians consider other areas of cognition such as memory
and attention in the assessment and treatment of word finding
difficulties.
Approaches to word retrieval treatment are not well-
understood in terms of underlying neurocognitive mechanisms,
however, the findings of the current study add to our
understanding of the brain-behavior relationship responsible for
positive effects during treatment. This translational knowledge
may provide clinicians with some insight into how treatment
works in the brain, as well as contribute to the provision of more
targeted therapy for individuals with aphasia.
Acknowledgments
Funding for this research was provided by an Australian Research
Council Discovery grant (grant number DP0880556) awarded to
DC, LN, KM, and AA. DC was also supported by a National
Health and Medical Research Council Career Development
Award (Clinical) and an Australian Research Council Future
Fellowship. LN was also supported by a National Health and
Medical Research Council Senior Research Fellowship and an
Australian Research Council Future Fellowship.
Supplementary Material
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fnhum.
2015.00291/abstract
Table S1 | Full whole brain results. MNI coordinates of peak activation from
whole brain analyses (p < 0.01) for clusters a minimum of 20 contiguous
voxels. Automated anatomical labeling software (Tzourio-Mazoyer et al.,
2002) was used to identify peak maxima neuroanatomical locations.
References
Abrahams, S., Goldstein, L. H., Simmons, A., Brammer, M. J., Williams,
S. C. R., Giampietro, V. P., et al. (2003). Functional magnetic resonance
imaging of verbal fluency and confrontation naming using compressed image
acquisition to permit overt responses. Hum. Brain Mapp. 20, 29–40. doi:
10.1002/hbm.10126
Baayen, R., Piepenbrock, R., and Gulikers, L. (1995). The CELEX Lexical Database
[CD-ROM]. Philadelphia, PA: Linguistic Data Consortium.
Badre, D., and Wagner, A. (2007). Left ventrolateral prefrontal cortex and
the cognitive control of memory. Neuropsychologia 45, 2883–2901. doi:
10.1016/j.neuropsychologia.2007.06.015
Barry, C., Hirsh, K. W., Johnston, R. A., and Williams, C. L. (2001).
Age of acquisition, word frequency, and the locus of repetition priming
of picture naming. J. Mem. Lang. 44, 350–375. doi: 10.1006/jmla.2
000.2743
Binder, J. R., Desai, R. H., Graves, W. W., and Conant, L. L. (2009).
Where is the semantic system? A critical review and meta-analysis of
Frontiers in Human Neuroscience | www.frontiersin.org 9 May 2015 | Volume 9 | Article 291
Heath et al. Repeated picture naming in aphasia
120 functional neuroimaging studies. Cereb. Cortex 19, 2767–2796. doi:
10.1093/cercor/bhp055
Binder, J. R., Frost, J. A., Hammeke, T. A., Cox, R. W., Rao, S. M., and
Prieto, T. (1997).Human brain language areas identified by functional magnetic
resonance imaging. J. Neurosci. 17, 353–362.
Bookheimer, S. (2002). Functional MRI of language: new approaches to
understanding the cortical organization of semantic processing. Annu.
Rev. Neurosci. 25, 151–188. doi: 10.1146/annurev.neuro.25.112701.1
42946
Cavanna, A. E. (2007). The precuneus and consciousness. CNS Spectr. 12, 545–552.
Cavanna, A. E., and Trimble, M. R. (2006). The precuneus: a review of its
functional anatomy and behavioural correlates. Brain 129, 564–583. doi:
10.1093/brain/awl004
Cave, C. B. (1997). Very long-lasting priming in picture naming. Psychol. Sci. 8,
322–325. doi: 10.1111/j.1467-9280.1997.tb00446.x
Cruice, M., Worrall, L., and Hickson, L. (2000). Boston naming test results for
healthy older Australians: a longitudinal and cross-sectional study. Aphasiology
14, 143–155. doi: 10.1080/026870300401522
Damasio, H. (2001). “Neural basis of language disorders,” in Language Intervention
Strategies in Aphasia and Related Neurogenic Communication Disorders, ed. R.
Chapey (Philadelphia, PA: Lippincott Williams &Wilkins).
Démonet, J.-F., Chollet, F., Ramsay, S., Cardebat, D., Nespoulous, J.-L., Wise, R.,
et al. (1992). The anatomy of phonological and semantic processing in normal
subjects. Brain 115, 1753–1768. doi: 10.1093/brain/115.6.1753
Démonet, J.-F., Thierry, G., and Cardebat, D. (2005). Renewal of the
neurophysiology of language: functional neuroimaging. Physiol. Rev. 85, 49–95.
doi: 10.1152/physrev.00049.2003
Eden, G. F., Joseph, J. E., Brown, H. E., Brown, C. P., and Zeffiro,
T. A. (1999). Utilizing hemodynamic delay and dispersion to detect
fMRI signal change without auditory interference: the behavior interleaved
gradients technique. Magn. Reson. Med. 41, 13–20. doi: 10.1002/(SICI)1522-
2594(199901)41:1<13::AID-MRM4>3.0.CO;2-T
Evans, A. C., Collins, D. L., Mills, S. R., Brown, E. D., Kelly, R. L., and Peters, T. M.
(1993). “3D statistical neuroanatomical models from 305 MRI volumes,” in
Nuclear Science Symposium &Medical Imaging Conference, Vols 1-3: 1993 IEEE
Conference Record, ed. L. A. Klaisner (San Francisco, CA: IEEE), 1813–1817.
doi: 10.1109/nssmic.1993.373602
Folstein, M. F., Folstein, S. E., and Mchugh, P. R. (1975). Mini-mental state: a
practical method for grading the cognitive state of patients for the clinician.
J. Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)90026-6
Freire, L., Roche, A., and Mangin, J. F. (2002). What is the best similarity measure
for motion correction in fMRI time series? IEEE Trans. Med. Imag. 21, 470–484.
doi: 10.1109/tmi.2002.1009383
Fridriksson, J., Baker, J. M., and Moser, D. (2009). Cortical mapping of naming
errors in aphasia. Hum. Brain Mapp. 30, 2487–2498. doi: 10.1002/hbm.20683
Fridriksson, J., Morrow, K. L., Moser, D., and Baylis, G. (2006a). Age-related
variability in cortical activity during language processing. J. Speech Lang. Hear
Res. 49, 690–697. doi: 10.1044/1092-43882006/050
Fridriksson, J., Morrow-Odom, L., Moser, D., Fridriksson, A., and Baylis, G.
(2006b). Neural recruitment associated with anomia treatment in aphasia.
Neuroimage 32, 1403–1412. doi: 10.1016/j.neuroimage.2006.04.194
Fridriksson, J., Moser, D., Bonilha, L., Morrow-Odom, K. L., Shaw, H.,
Fridriksson, A., et al. (2007). Neural correlates of phonological and semantic-
based anomia treatment in aphasia. Neuropsychologia 45, 1812–1822. doi:
10.1016/j.neuropsychologia.2006.12.017
Goodglass, H., and Wingfield, A. (1997). “Word-finding deficits in aphasia: brain-
behavior relations and clinical symptomatology,” in Anomia: Neuroanatomical
and Cognitive Correlates, eds H. Goodglass and A. Wingfield (San Diego, CA:
Academic Press).
Gotts, S. J., Chow, C. C., and Martin, A. (2012). Repetition priming and repetition
suppression: a case for enhanced efficiency through neural synchronization.
Cogn. Neurosci. 3, 227–237. doi: 10.1080/17588928.2012.670617
Grafman, J. (2000). Conceptualizing functional neuroplasticity. J. Commun. Dis.
33, 345–356. doi: 10.1016/S0021-9924(00)00030-7
Heath, S., Mcmahon, K., Nickels, L., Angwin, A., MacDonald, A., Van Hees, S.,
et al. (2012). Neural mechanisms underlying the facilitation of naming in
aphasia using a semantic task: an fMRI study. BMC Neurosci. 13:98. doi:
10.1186/1471-2202-13-98
Heath, S., Mcmahon, K., Nickels, L., Angwin, A., MacDonald, A., Van Hees, S.,
et al. (2013). Facilitation of naming in aphasia with auditory repetition: an
investigation of neurocognitive mechanisms. Neuropsychologia 51, 1534–1548.
doi: 10.1016/j.neuropsychologia.2013.05.008
Henson, R. N. A. (2003). Neuroimaging studies of priming. Progr. Neurobiol. 70,
53–81. doi: 10.1016/S0301-0082(03)00086-8
Henson, R. N., Eckstein, D., Waszak, F., Frings, C., and Horner, A. J. (2014).
Stimulus-response bindings in priming. Trends Cogn. Sci. 18, 376–384. doi:
10.1016/j.tics.2014.03.004
Henson, R., Shallice, T., and Dolan, R. (2000). Neuroimaging evidence for
dissociable forms of repetition priming. Science 287, 1269–1272. doi:
10.1126/science.287.5456.1269
Hickin, J., Best, W., Herbert, R., Howard, D., and Osborne, F. (2002). Phonological
therapy for word-finding difficulties: a re-evaluation. Aphasiology 16, 981–999.
doi: 10.1080/02687030244000509
Hickok, G., and Poeppel, D. (2004). Dorsal and ventral streams: a framework for
understanding aspects of the functional anatomy of language. Cognition 92,
67–99. doi: 10.1016/j.cognition.2003.10.011
Howard, D. (2000). “Cognitive neuropsychology and aphasia therapy: the case of
word retrieval,” in Acquired Neurogenic Communication Disorders: A Clinical
Perspective, ed. I. Papathanasiou (London: Whurr Publishers).
Howard, D., and Patterson, K. (1992). Pyramids and PalmTrees: A Test of Semantic
Access from Pictures and Words. (Bury St. Edmunds: Thames Valley Test
Company).
Indefrey, P., and Levelt, W. J. M. (2004). The spatial and temporal
signatures of word production components. Cognition 92, 101–144. doi:
10.1016/j.cognition.2002.06.001
Kaplan, E., Goodglass, H., and Weintraub, S. (1983). Boston Naming Test.
Philadelphia, PA: Lea & Febiger.
Kertesz, A. (1982). The Western Aphasia Battery. New York: The Psychological
Corporation, Harcourt Brace Jovanovich Inc.
Kiran, S., Ansaldo, A., Bastiaanse, R., Cherney, L. R., Howard, D., Faroqi-
Shah, Y., et al. (2013). Neuroimaging in aphasia treatment research:
standards for establishing treatment effects. Neuroimage 76, 428–435. doi:
10.1016/j.neuroimage.2012.10.011
Köhler, S., Moscovitch, M., Winocur, G., and Mcintosh, A. R. (2000). Episodic
encoding and recognition of pictures and words: role of the human medial
temporal lobes. Acta Psychol. 105, 159–179. doi: 10.1016/S0001-6918(00)
00059-7
Koutstaal, W., Wagner, A. D., Rotte, M., Maril, A., Buckner, R. L., and Schacter,
D. L. (2001). Perceptual specificity in visual object priming: functional magnetic
resonance imaging evidence for a laterality difference in fusiform cortex.
Neuropsychologia 39, 184–199. doi: 10.1016/s0028-3932(00)00087-7
Maldjian, J. A., Laurienti, P. J., and Burdette, J. H. (2004). Precentral gyrus
discrepancy in electronic versions of the Talairach atlas. Neuroimage 21, 450–
455. doi: 10.1016/j.neuroimage.2003.09.032
Maldjian, J. A., Laurienti, P. J., Kraft, R. A., and Burdette, J. H. (2003).
An automated method for neuroanatomic and cytoarchitectonic atlas-based
interrogation of fMRI data sets.Neuroimage 19, 1233–1239. doi: 10.1016/S1053-
8119(03)00169-1
Mechelli, A., Josephs, O., Lambon Ralph, M. A., Mcclelland, J. L., and Price, C. J.
(2007). Dissociating stimulus-driven semantic and phonological effect during
reading and naming. Hum. Brain Mapp. 28, 205–217. doi: 10.1002/hbm.20272
Meinzer, M., Flaisch, T., Obleser, J., Assadollahi, R., Djundja, D., Barthel, G., et al.
(2006). Brain regions essential for improved lexical access in an aged aphasic
patient: a case report. BMC Neurol. 6:28. doi: 10.1186/1471-2377-6-28
Meinzer,M., Harnish, S., Conway, T., and Crosson, B. (2011). Recent developments
in functional and structural imaging of aphasia recovery after stroke.
Aphasiology 25, 271–290. doi: 10.1080/02687038.2010.530672
Meister, I., Weidemann, J., Foltys, H., Brand, H., Willmes, K., Krings, T., et al.
(2005). The neural correlate of very-long-term picture priming. Eur. J. Neurosci.
21, 1101–1106. doi: 10.1111/j.1460-9568.2005.03941.x
Menke, R., Meinzer, M., Kugel, H., Deppe, M., Baumgartner, A., Schiffbauer, H.,
et al. (2009). Imaging short- and long-term training success in chronic aphasia.
BMC Neurosci. 10:118. doi: 10.1186/1471-2202-10-118
Mitchell, D. B., and Brown, A. S. (1988). Persistent repetition priming in picture
naming and its dissociation from recognition memory. J. Exp. Psychol. Learn.
Mem. Cogn. 14, 213–222. doi: 10.1037/0278-7393.14.2.213
Frontiers in Human Neuroscience | www.frontiersin.org 10 May 2015 | Volume 9 | Article 291
Heath et al. Repeated picture naming in aphasia
Moore, C. J., and Price, C. J. (1999). Three distinct ventral occipitotemporal
regions for reading and object naming. Neuroimage 10, 181–192. doi:
10.1006/nimg.1999.0450
Morrison, C. M., Chappell, T. D., and Ellis, A. W. (1997). Age of acquisition norms
for a large set of object names and their relation to adult estimates and other
variables.Q. J. Exp. Psychol. Sect. A 50, 528–559. doi: 10.1080/027249897392017
Morton, J. (1969). Interaction of information in word recognition. Psychol. Rev. 76,
165–178. doi: 10.1037/h0027366
Musso, M., Weiller, C., Kiebel, S., Müller, S. P., Bülau, P., and Rijntjes, M.
(1999). Training-induced brain plasticity in aphasia. Brain 122, 1781–1790. doi:
10.1093/brain/122.9.1781
Naghavi, H. R., and Nyberg, L. (2005). Common fronto-parietal activity in
attention, memory, and consciousness: shared demands on integration?
Conscious. Cogn. 14, 390–425. doi: 10.1016/j.concog.2004.10.003
Nickels, L. (2002a). Improving word finding: practice makes (closer to) perfect?
Aphasiology 16, 1047–1060. doi: 10.1080/02687040143000618
Nickels, L. (2002b). Therapy for naming disorders: revisiting, revising, and
reviewing. Aphasiology 16, 935–979. doi: 10.1080/02687030244000563
Patterson, K., Purell, C., and Morton, J. (1983). “The faciliation of naming in
aphasia,” in Aphasia Therapy, eds C. Code and D. Muller (London: Edward
Arnold).
Poldrack, R. A. (2000). Imaging brain plasticity: conceptual and methodological
issues - a theoretical review.Neuroimage 12, 1–13. doi: 10.1006/nimg.2000.0596
Poldrack, R. A., Wagner, A. D., Prull, M. W., Desmond, J. E., Glover, G. H.,
and Gabrieli, J. D. E. (1999). Functional specialization for semantic and
phonological processing in the left inferior prefrontal cortex. Neuroimage 10,
15–35. doi: 10.1006/nimg.1999.0441
Postman-Caucheteux, W. A., Birn, R. M., Pursley, R. H., Butman, J. A., Solomon,
J. M., Picchioni, D., et al. (2010). Single-trial fMRI shows contralesional activity
linked to overt naming errors in chronic aphasia patients. J. Cogn. Neurosci. 22,
1299–1318. doi: 10.1162/jocn.2009.21261
Price, C. J. (2012). A review and synthesis of the first 20 years of PET and
fMRI studies of heard speech, spoken language and reading. Neuroimage 62,
816—847. doi: 10.1016/j.neuroimage.2012.04.062
Saur, D., Lange, R., Baumgaertner, A., Schraknepper, V., Willmes, K., Rijntjes, M.,
et al. (2006). Dynamics of language reorganization after stroke. Brain 129,
1371–1384. doi: 10.1093/brain/awl090
Sebastian, R., and Kiran, S. (2011). Task-modulated neural activation patterns
in chronic stroke patients with aphasia. Aphasiology 25, 927–951. doi:
10.1080/02687038.2011.557436
Segaert, K., Weber, K., De Lange, F. P., Petersson, K. M., and Hagoort, P.
(2013). The suppression of repetition enhancement: a review of fMRI studies.
Neuropsychologia 51, 59–66. doi: 10.1016/j.neuropsychologia.2012.11.006
Sheikh, J., and Yesavage, J. (1986). “Geriatric Depression Scale (GDS): recent
evidence and development of a shorter version,” in Clinical Gerontology: A
Guide to Assessment and Intervention, ed. T. Brin (New York: The Haworth
Press), 165–173.
Snyder, H., Banich, M., and Munakata, Y. (2011). Choosing our words: retrieval
and selection processes recruit shared neural substrates in left ventrolateral
prefrontal cortex. J. Cogn. Neurosci. 23, 3470–3482. doi: 10.1162/jocn_a_00023
Stamatakis, E. A., and Tyler, L. K. (2005). Identifying lesions on structural brain
images - validation of the method and application to neuropsychological
patients. Brain Lang. 94, 167–177. doi: 10.1016/j.bandl.2004.12.010
Swinburn, K., Porter, G., and Howard, D. (2004). Comprehensive Aphasia Test.
New York: Psychology Press.
Szekely, A., Jacobsen, T., D’amico, S., Devescovi, A., Andonova, E., Herron, D.,
et al. (2004). A new on-line resource for psycholinguistic studies. J. Mem. Lang.
51, 247–250. doi: 10.1016/j.jml.2004.03.002
Tenpenny, P. (1995). Abstractionist versus episodic theories of repetition
priming and word identification. Psychonom. Bull. Rev. 2, 339–363. doi:
10.3758/bf03210972
Tulving, E., and Schacter, D. (1990). Priming and human memory systems. Science
247, 301–306. doi: 10.1126/science.2296719
Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O.,
Delcroix, N., et al. (2002). Automated anatomical labeling of activations in SPM
using a macroscopic anatomical parcellation of the MNI MRI single-subject
brain. Neuroimage 15, 273–289. doi: 10.1006/nimg.2001.0978
van Hees, S., Mcmahon, K., Angwin, A., De Zubicaray, G., and Copland, D. A.
(2014a). Neural activity associated with semantic versus phonological anomia
treatments in aphasia. Brain Lang. 129, 47–57. doi: 10.1016/j.bandl.2013.
12.004
van Hees, S., Mcmahon, K., Angwin, A., De Zubicaray, G., Read, S., and Copland,
D. A. (2014b). A functional MRI study of the relationship between naming
treatment outcomes and resting state functional connectivity in post-stroke
aphasia. Hum. Brain Mapp. 35, 3919–3931. doi: 10.1002/hbm.22448
van Turennout, M., Bielamowicz, L., and Martin, A. (2003). Modulation of neural
activity during object naming: effects of time and practice. Cereb. Cortex 13,
381–391. doi: 10.1093/cercor/13.4.381
van Turennout, M., Ellmore, T., and Martin, A. (2000). Long-lasting cortical
plasticity in the object naming system. Nat. Neurosci. 3, 1329–1334. doi:
10.1038/81873
Vigneau, M., Beaucousin, V., Hervé, P. Y., Duffau, H., Crivello, F., Houdé, O.,
et al. (2006). Meta-analyzing left hemisphere language areas: phonology,
semantics, and sentence processing. Neuroimage 30, 1414–1432. doi:
10.1016/j.neuroimage.2005.11.002
Wagner, A. D., Koutstaal, W., Maril, A., Schacter, D. L., and Buckner, R. L. (2000).
Task-specific repetition priming in left inferior prefrontal cortex. Cereb. Cortex
10, 1176–1184. doi: 10.1093/cercor/10.12.1176
Wheeldon, L. R., and Monsell, S. (1992). The locus of repetition priming of spoken
word production. Q. J. Exp. Psychol. Sect. A Hum. Exp. Psychol. 44, 723–761.
doi: 10.1080/14640749208401307
Wilson, M. (1988). MRC psycholinguistic database: machine-usable dictionary,
version 2.00. Behav. Res. Methods Instrum. Comput. 20, 6–10. doi:
10.3758/BF03202594
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Heath, McMahon, Nickels, Angwin, MacDonald, van Hees,
McKinnon, Johnson and Copland. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Human Neuroscience | www.frontiersin.org 11 May 2015 | Volume 9 | Article 291
